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論 文 内 容 要 旨 
Blunt-base moving object is widely applied in aerospace and daily life. However, those models are characterized by an abrupt 
change of geometry at the base. It causes a large separation flow with high turbulence. As the results, drag of model significantly 
increases. It is also problem of high noise, structural fatigue and low stability. The method to reduce base drag can be divided into 
active and passive controls. The active devices allow to control precisely level of drag reduction without changing the base geometry. 
However, as requirement of an additional energy source, the system setup is very complicated. 
The passive device includes splitter plate, locked vortex afterbody, base cavity, multi-step afterbody, boattail and boattail with 
small grooved cavities. They reduce the intensity of afterbody wake by adding additional geometries to the base. Among of them, 
boattail shows high effective in reducing drag of model. By boattail design, the recirculation length of near wake is significantly 
shortened and the near wake intensity is decreased. However, flow field on boattail surfaces should be considered when evaluating 
impact of boattail model on drag. Although many studies have been performed in low speed, the relation between flow field at model 
surfaces and aerodynamic drag was not totally understood. In fact, previous studies mainly focused on drag characteristics of the 
models with modification of afterbody shape. Flow fields over surfaces were extracted mainly for boattail models of 10° and 30°. 
Additionally, using flow characteristics and its relation with drag of models at high-speed conditions to explain for the case of low 
speed is insufficient because compressibility could strongly affect flow at high-speed conditions. Another problem, which occurs in 
wind-tunnel test is influence of support system. The existence of support system causes a significant change of flow topology and 
affects the measurement accuracy. 
The objectives of current study are to obtain clearly flow phenomenon on the axisymmetric afterbodies and relation between flow 
fields and aerodynamic drag of models at low-speed conditions. The experimental data of the current work was obtained at the 
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Tohoku University Basis Aerodynamic Research Tunnel (T-BART). The free-stream velocity of wind tunnel can reach to 60 m/s, 
while level of turbulence intensity is smaller than 0.5 % . Conical boattail shape was selected for this study to fix the separation 
position on the surface. Boattails were made from aluminum alloy for flow visualization and free levitation test while they were 
designed by a high-resolution 3D printer (Agilista-3100) for pressure measurement. For making the turbulent boundary layer before 
the conjunction, sandpaper of 10 mm in width is fixed at 0.15L aft nose of the model. Global-luminescent-oil-film skin-friction 
measurement was conducted to acquire flow topology on the surfaces. A magnetic suspension and balance system (MSBS) was used 
for drag force measurement. Additionally, pressure measurement was conducted to acquire pressure distribution on afterbodies. 
Finally, particle image velocimetry (PIV) were performed to examine the boundary layer properties and flow characteristics. In detail, 
the study is divided into three main parts as follows: 
Firstly, boattail angle effect on flow behaviour on the surfaces was investigated at low speed. Since limited boattail angle was 
investigated at low speed, the flow topology on the surfaces was not totally understood. Additionally, if we use the flow characteristics 
at high speeds to refer for low speed, some characteristics of boattail flow at low speed is probably missed. Therefore, this study will 
conduct experiments in a wide range of boattail angle from 10° to 22° by step of 2° to capture small change of flow characteristics on 
boattail surfaces. Those boattail models have an equal length of 0.7 model diameter (0.7D). For this investigation, a 
global-luminescent-oil-film skin-friction measurement technique was used for measuring skin friction and analyzing the afterbody 
flow. Details of skin-friction diagnostics and image processing were presented. Experiment were conducted at a free-stream velocity 
of 22 m/s and Reynolds number was of approximately Re = 4.34 × 104, based on diameter of model. Experimental results revealed 
three flow types over boattail surfaces: fully-attached at boattail angle below 12°, flow containing separation bubble, at angles between 
12° and 20°, and fully-separated at angle above 20°. The fully-attached and fully-separated flow were well noted in literature. 
Nonetheless, the second flow type is firstly observed in this study for class of conical boattail model at low speed. The size of 
separation bubble is very small at boattail angle below 14° and it has little impact on the flow downstream. However, separation 
bubble becomes very large at 20°. The skin-friction magnitudes increase inside the separation bubble while they decrease in the 
reattachment region when the boattail angle increases from 12° to 20°. At boattail angle between 12° and 20° and Reynolds number 
around Re = 4.34 × 104, separation bubble length is a linear function of boattail angle. Critical angles where flow changes from one 
condition to the other were also reviewed and compared to flow on Ahmed body.   
Secondly, influence of flow pattern on total drag force and pressure distribution was studied. Obviously, the aerodynamic drag of 
the model decreases with increasing boattail angle until flow on the afterbody surface is smooth. Additionally, the fully-separated flow 
leads to high drag. However, the change of drag at boattail models with separation bubble is still not clear. Consequently, experiments 
were conducted for three boattail models of 10°, 14°, and 20°. Flow was fully-attached to surfaces at boattail model of 10°. At two 
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condition to the other were also reviewed and compared to flow on Ahmed body.   
Secondly, influence of flow pattern on total drag force and pressure distribution was studied. Obviously, the aerodynamic drag of 
the model decreases with increasing boattail angle until flow on the afterbody surface is smooth. Additionally, the fully-separated flow 
leads to high drag. However, the change of drag at boattail models with separation bubble is still not clear. Consequently, experiments 
were conducted for three boattail models of 10°, 14°, and 20°. Flow was fully-attached to surfaces at boattail model of 10°. At two 
other angles, separation bubble was generated on boattail surfaces. However, separation bubble at boattail model of 14° is very small 
with low skin friction in reverse region while at 20°, model is close to fully-separated condition. Aerodynamic drag was measured by 
0.3-m MSBS. The pressure distribution was measured by a strut-supported model. Experimental results indicated that separation 
bubble has a significant impact on pressure distributed on the surface at 20° while the relative impact is small at lower angles. In 
details, Pressure gradient near the conjunction is smaller and low-pressure region is expanded at 20°. The strut support decreases 
pressure near the conjunction. The effect is relatively large at boattail model of 20°. At 10°, pressure distributed around base edge is 
impacted by strut support. However, that effect is very small at higher boattail angles. Comparing with boattail model β = 10°, drag 
reduces around 5% at the model of 14° and it increases approximately 7% at boattail model of 20°. Results of afterbody pressure drag 
integrated at polar angle φ = 90° and total drag measured by 0.3-m MSBS are highly consistent and can be used as free-levitated data. 
Additionally, impact of separation bubble on standard deviation of pressure distributed on the surface illustrates a similar behaviour 
with other types of separation bubble.  
Thirdly, Reynolds number impact on flow topology on the surfaces and pressure drags was investigated. Boattail models with 
angles of 12°, 16°, 20° and 22° were examined at low speed. The based-diameter Reynolds number is between 4.34 × 104 and 8.89 × 
104.  PIV measurement was conducted for acquiring velocity properties in vertical plane and estimating skin-friction coefficients 
before the conjunction. GLOF skin-friction measurement was used to analyze surface flow structure. Pressure taps were used to 
measure pressure distributed on afterbody surfaces. The quantitative skin-friction distributions at centreline were acquired in this stage. 
The boundary layer thickness was around δ = 3.5 mm and changed little for different models and flow conditions. Consequently, 
boundary layer profile should have a small effect on flow behavior and pressure distribution on afterbodies. Mean velocity fields were 
also clearly illustrated for different boattail models and Reynolds numbers. GLOF results indicated a flow with separation bubble 
generated for boattail models between 12° and 20°. However, flow fully separated around conjunction at boattail model of 22°. An 
increase of Reynolds number causes a decrease in size of separation bubble and skin-friction magnitudes in reverse region. 
Additionally, Reynolds number had very small influence on boattail pressure drag at 12°, 16° and 22°. Near critical angle of 20°, 
boattail pressure drag decreased largely when Reynolds number rises up. When flow fully separated at angle of 22° pressure gradient 
was significantly low on the whole surface. Base drag attains minimum value near 16°. The boattail angle with minimum drag slightly 
increases with increasing Reynolds number at low-speed flow. Flow phenomenon on boattail models and on centerline of Ahmed 
body shows many analogous characteristics. However, trend of drag near critical angle are different between two models. Dramatic 
change of drag was not observed for conical boattail. 
The novel results presented in this study are that we firstly observed a separation bubble on boattail surfaces at angles between 12° 
and 20°. We also reported that optimal boattail angle for drag reduction is around 14°-16°, which is smaller than boattail angle where 
flow changes to fully-separated conditions. This trend totally differs with the prediction of previous studies. Additionally, the optical 
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boattail angle is slightly changed with Reynolds number. We observed that Reynolds number impacts afterbody drag mainly at critical 
boattail angle (20°) while at other boattail angles, this relative influence is very small. A systematic relation between flow fields and 
drag of axisymmetric model was discussed in details in this study. 
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